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and exact form of damage undergone by the component cannot be estimated during design stage. In the present 
study, attempts have been made to enhance fatigue life of compressor disc by introducing compressive residual 
stresses. 
2. Failure analysis of earlier cases 
This case study deals with the investigation of a compressor disc made of Russian Į- ȕ titanium alloy BT3-1 
having a total mass of approximately 50 kg rotating at 8500 rpm handling an air mass flow of 105 kg/sec of a 
typical fighter class twin-spool straight flow turbojet engine. Failure of the first stage compressor disc had led 
to few aircraft accidents. Failure analysis revealed that the residual tensile stress of 410 MPa at the dovetail slot 
(Fig.1) is the reason for fatigue failure of the disc as shown in Fig. 2. 
 
 
Fig.1. Crack Location on Disc Fig. 2. A Compressor Disc CAD Model. 
2.1. Fatigue problem in disc 
Based on 2D axi-symmetric analysis, it is found that the radial and hoop stress in the disc rim doesn’t 
exceed 100 MPa. Further, the stress at the front and rear of the disc is found to be 450 MPa & 235 MPa which 
is very much within the proof stress of the material (proof stress 1000 MPa). Hence, chances of failure of disc 
by steady normal stress are very remote.  However, presence of service-induced high residual tensile stresses 
combined with vibratory stresses, may lead to low cycle fatigue failure of the disc. Fatigue tests on titanium 
alloys have shown that resistance to crack propagation determines fatigue life. As opposed to steel or 
aluminium alloys, titanium alloys are generally free of defects such as inclusion or pores. However, fatigue 
behaviour in titanium alloys is very sensitive to surface condition [1]. 
2.2. Metallurgy of BT3-1 
BT3-1 is a heat resistant dual phase Į-ȕ titanium alloy of martensitic class having Al, Cr & Mo as the major 
alloying elements. Mo is a ȕ stabiliser which facilitates solution heat-treatment & aging without affecting high 
temperature strength.  Si provides high temperature strength due to solute drag effect, while O2 & N2 as 
interstitial elements stabilises Į phase and mainly increases the mechanical strength. The ȕ transus temperature 
of the alloy is 965-970 ºC [2]. The specified chemical composition and mechanical properties of BT3-1 are 
placed at Table 1 & Table 2 respectively. 
2.3. Manufacturing process and process evaluation  
The compressor disc is manufactured by forging route followed by machining. It undergoes milling & 
turning followed by broaching of dove-tail slots, which are the stress raisers. Manufacturing yield of the disc is 
∼ 57 % having a finished weight of 23 kg. Hence utmost care is taken during manufacturing to have better 
surface finish by lapping. Structural integrity of the disc is ensured by NDT checks such as ultrasonic, X-ray 
and fluorescent dye etc. Pickling was used as an intermediate NDT check [3].  
Compressor disc of an aero-engine being a critical-I category, undergoes extensive tests and checks during 
its certification.  NDE tests such as ultrasonic, X-ray & fluorescent dye check, are being carried out at the 
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billet, forging and finished component stages to ensure its structural integrity. Specimens extracted along 
radial, axial and circumferential direction are subjected to mechanical tests such as RT tensile, stress rupture, 
impact and fatigue. 
3. Shot peening of compressor disc 
The shot peening of the disc was carried out with the help of Progressive Shot Peening Machine make: 
Progressive Technology USA [4] using ccw20 shots at a pressure of 2.1 kg/cm2. Distance of the disc from 
nozzle was 160 mm. The process was optmised using Almen strip A type for a deflection of 0.4 mm as shown 
in Fig-3. The surface finish after shot peening is to be maintained within roughness (Ra) level of 0.6. 
 
 
 
Fig 3. Saturation Curve for Shot Peening. 
3.1. Residual stress measurement 
The Residual stress measurement was carried out with ASTM300 [5] X-ray stress analyzer employing CrKĮ 
radiation. X-ray technique measures stress directly by measuring the surface strain, which is indicated by the 
position of a diffracted peak  for a crystal plane oriented at various angles to the surface of specimen. The 
stress is given by the gradient of a plot of diffraction angle 2  against sin2 Ȍ, where Ȍ is the angle between the 
diffracting planes and the specimen surface. The instrument uses a pair of solid state detectors located on each 
side of the main beam. Diffraction peaks were captured by the individual pixels in the detectors, giving rapid 
data capture without mechanical movement. Residual stresses were evaluated in this analyser using multiple 
exposure sin2 Ȍ technique. The residual stress measurement comprise of at least fourteen measurements of 
lattice spacing over a range of  Ȍ orientations(-45 ° to +45°) to the surface of the specimen. Residual stress was 
measured along three direction on specimen (0°, 45° & 90°) and principal stresses ࠭1 & ࠭2 are calculated with 
the accuracy of stress measurement being approximately  ± 20 MPa. 
Residual stress was measured on the face and slot of the un-peened and peened compressor disc as shown in 
Fig. 4. The residual compressive stress on the face & slot of the shot peened disc was found to be ∼770 MPa & 
∼650 MPa respectively, while for unpeened disc it was ∼260 MPa &  ∼640 MPa,  respectively. 
 
147 Benudhar Sahoo et al. /  Procedia Engineering  55 ( 2013 )  144 – 148 
Fig. 4. Residu
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